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THE STRUCTURE OF RPN10 AND ITS INTERACTIONS WITH POLYUBIQUITIN CHAINS AND THE PROTEASOME SUBUNIT RPN12
Christiane Riedinger, Jonas Boehringer, Jean-Francois Trempe, Edward D. Lowe, Nicholas R. Brown, Kalle
Gehring, Martin E. M. Noble, Colin Gordon and Jane A. Endicott Table of Table S1 Expression and purification of untagged SpRpn10 VWA construct-SpRpn10-VWA was cloned into pET-21d to generate an untagged protein and transformed into E. coli BL21(DE3) cells for protein expression. Cells were grown in of LB at 37 °C with vigorous shaking. When the OD 600 reached 0.7 the temperature was reduced to 20 °C and protein expression was induced with 0.2 mM IPTG overnight.
The cells were harvested by centrifugation at 4,000 xg for 20 min. at 4 °C, re-suspended in 50 mM HEPES pH 7.5 supplemented with Roche Protease Inhibitor Cocktail (EDTA free) at the recommended concentration, and fast frozen in liquid nitrogen prior to storage at -20 o C. Cells were thawed under running cold water, and after sonication the lysate was cleared by centrifugation (1hr at 75,000 xg).
The soluble fraction was applied to a column packed with 15 ml hydroxyapatite (Calbiochem), washed with 5 column volumes HB (20 mM HEPES, pH 7.5), and then bound protein was eluted with a linear gradient of 0-0.4 M Na 2 HPO 4 . Fractions containing significant amounts of Rpn10-VWA were identified by SDS-PAGE, pooled, and concentrated to circa 8 ml using a 10,000 MWCO ultrafiltration device (Vivascience). The concentrated sample was applied to a 26/60 SD75 size-exclusion column (GE Healthcare), equilibrated with HBS (20 mM HEPES, 150 mM NaCl, 0.5 mM DTT, 0.02% Na azide, pH 7.5) and Rpn10-VWA (1-193) -containing fractions were subsequently pooled and concentrated to 8 ml. After dialysis overnight against HB at 4 °C, the sample was applied to a 1.6 ml Mono Q column pre-equilibrated in HB, and eluted with a linear gradient of 0.0-1.0 M NaCl in HB. The fractions containing Rpn10-VWA were then applied to a 16/60 SD30 column previously equilibrated in HBS. For optimal crystallisation conditions the sample was concentrated to 18 mg ml -1 in 10 mM HEPES, 12 mM NaCl, pH 7.5.
Isothermal titration calorimetry-All samples were prepared in 25 mM sodium phosphate pH 6.5, 50 mM sodium chloride. Concentrations were determined spectrophotometrically at 280 nm using the experimentally determined extinction coefficients of 3425 M -1 cm -1 (diUb) and 13118 M -1 cm -1 (SpRpn10). All experiments were performed on an iTC200 microcalorimeter (MicroCal) at 25 °C. The titrations were started with an initial injection of 0.8 µl, a second 3.2 µl injection, followed by nine 4 µl injections. For the titration of monoUb the cell contained 603 µM SpRpn10 and the syringe contained 6.9 mM monoUb. For the titration with K48-linked diUb the cell contained 126 µM SpRpn10 and the syringe 1.26 mM K48-linked diUb, whereas for the K63-linked diUb titration the cell contained 134
µM SpRpn10 and the syringe 1.45 mM K63-linked Ub. For all experiments the first injection was removed and the heat of dilution integrals were subtracted prior to analysis with the instrument software.
Fluorescence anisotropy-The K63C mutations was introduced into Ub by site-directed mutagenesis.
K48-linked diUb was prepared as described in ( 
Crystallisation, data collection and structure determination-Crystallisation drops were set up in 96
well plates containing a mixture of commercially available sparse matrix and systematic grid screens (100 nl) and 100 nl protein solution (Rpn10-VWA at 18 mg ml -1 in 10 mM HEPES, 12 mM NaCl, This resulted in a total of 13 sites, ten of which had a peak height of around 15 sigma or greater and those of the next three peaks found were much smaller. These sites might represent sulphate ions present in the solvent. The pseudo-free correlation coefficient of 84.67% indicates the very high quality of the map. The "correct hand" was identified by visual inspection of the electron density map. At this point an electron density map with single atoms resolved allowed model building in COOT (5) for most of the structure (Supplemental Fig. S2 ). Some loop regions, however, displayed high disorder and could only be built after several alternating building-refinement cycles in COOT and PHENIX.REFINE (6), respectively. Due to a strongly increasing R-factor beyond this value the resolution was cut to 1.3 Å. The final model comprises residues 2-147 and 151-193. 264 water molecules and three sulphate ions, supported by peaks in the difference electron density map could be modeled into the density. It possesses a crystallographic R-factor of 0.123 and an R free of 0.165. Data collection and refinement statistics are given in Supplemental Table S1 .
NMR Spectroscopy: Chemical shift titrations with monoUb, variously linked Ub chains and SpRpn12-
Spectra were acquired at a temperature of 25 o C with a spectral width of 10,000 Hz and 1024 complex points in the direct dimension. In the indirect dimension, spectra were centred at 118.5 ppm with a spectral width of 28 ppm and acquisition time of 30 ms. Spectra were processed with NMRPipe (7), and zero-filled to three times the number of points in both dimensions to reach a final digital resolution The secondary structural elements present within the VWA domain are derived from the crystal structure described in this paper, those within the C-terminal sequence are taken from (9) . (B) Rpn10 molecular surface properties. The three upper and lower panels are viewed looking at the surface generated by α1, α2 and α6 or that looking at α3 and α4 respectively. A conservation analysis of surface-exposed residues was performed using CONSURF (10) consists of the sequence DXSXS in the first loop (linking ß1 and α1), and threonine (T209) and aspartate (D242) residues in the second (between α2 and α3) and third (between β4 and α4) loops respectively. The Mg 2+ ion is drawn as a grey sphere. In the SpRpn10 VWA domain (RHS) these residues are replaced by the sequence DNSEW in which the last two residues are the first two of the Rpn10 five-amino acid insertion (the residues of which are labeled in red), and amino acids A85 and S116. As a result, the insertion remodels the top of the fold so that it cannot bind a Mg 2+ ion.
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